The BaBar Collaboration has pointed out that D 0 → π + π − π 0 is dominated by an isospin-zero final state, leading to nearly complete depletion of the Dalitz plot along all three diagonals. In flavor-SU(3) approaches to charmed particle decays to a light vector and a light pseudoscalar particle, this behavior is seen, but does not appear to have a fundamental origin. Instead, it arises as a result of approximate cancellation of higher-isospin combinations of several types of amplitudes: color-favored tree, color-suppressed tree, and exchange. Interpretation in terms of a direct-channel effect would require an exotic resonance, with spin, parity, and charge-congjugation eigenvalues J P C = 0 −− .
I INTRODUCTION
A curious feature of the decay D 0 → π + π − π 0 has been pointed out by the BaBar Collaboration [1, 2, 3] . Although states of isospin zero, one, and two are possible in principle, the Dalitz plot shows strong depopulation along each of its symmetry axes, characteristic of a final state with isospin zero [4] . In the present paper we show that this behavior is expected in a flavor-SU(3) analysis based on a graphical language [5] . It validates certain assumptions made in analyzing decays of charmed mesons within that language, including factorization [6, 7, 8] . However, it still invites explanation at a deeper level.
We review the isospin decomposition of three-pion amplitudes in Section II and the graphical description of charmed meson decays in Section III. We then apply results obtained in flavor-SU(3) fits to charmed meson decay rates to the construction of isospin amplitudes in Section IV, finding dominance of I = 0 as measured experimentally [1, 2, 3] . We discuss reasons for this agreement in Section V and conclude in Section VI. 
II ISOSPIN DECOMPOSITION
We retrace steps noted in Refs. [1] and [2] , whose conventions are slightly different from ours. In accord with standard usage for Clebsch-Gordan coefficients [9] , we define
The BaBar papers mentioned above choose the opposite sign for ρ 0 . With our definitions the isospin amplitudes (again in accord with standard usage [9] ) are
where we have used ρ i π j as a shorthand for A(D 0 → ρ i π j ). A purely isospin-zero spin-zero configuration of three pions consists of each pair coupled to isospin one so as to couple with the third pion to isospin zero. Because of Bose statistics, each pion pair must then be antisymmetric under interchange of the pions. The matrix element must then be of the form
where f is a totally antisymmetric function of its arguments and p i is the three-momentum of pion π i in the D 0 center-of-mass system (c.m.s.) [4] . The corresponding Dalitz plot must have no events along each of its symmetry axes.
If A 1 = A 2 = 0, one must have
Figs. 1 and 2 then permit one to see the destructive interference along each symmetry axis of the Dalitz plot. The (horizontal, vertical, diagonal) bands respectively denote the (ρ + , ρ − , ρ 0 ) regions. Because each ρ decays to ππ in a P-wave, the signs of the ρπ amplitudes are opposite at opposite ends of each band. Bands and labels of each of their ends correspond to configurations shown in Fig. 2 .
With decay amplitudes obeying Eq. (8), and ρ decays described by Eqs. (1-3) , each overlap region contains one amplitude of one sign and another of the opposite sign, symptomatic of a vanishing amplitude along each symmetry axis of the Dalitz plot. Indeed, the BaBar Collaboration's amplitudes shown in Table I , where we have expressed the ρ 0 π 0 amplitude in our phase convention, approximately satisfy Eq. (8), leading to dominance of the I = 0 amplitude as noted in Table II . We also plot in Fig. 3 the magnitudes and phases of the decay amplitudes for ρ(770)π charge states and isospins, in a phase convention where A 0 is real and negative. Table I . We have normalized amplitudes so that the sum of their absolute squares is 1. These are not the same as the isospin amplitudes quoted in Ref. [3] , which include contributions from higher ρ states.
0.1893 ± 0.0076 −39.3 ± 13.0 3.58 ± 0.29 
III GRAPHICAL AMPLITUDE DESCRIPTION
Within the context of a graphical notation equivalent to flavor SU(3) [5] , decays of charmed mesons to pairs of light mesons have been analyzed recently [6, 7, 8] . For decays to a pseudoscalar meson P and a vector meson, amplitudes are labeled by the type of diagram ("tree" T , "color-suppressed" C, "exchange" E, and "annihilation" A), as shown in Fig.  4 . A subscript P or V denotes the meson containing the spectator quark, and a prime denotes a Cabibbo-suppressed amplitude, defined here as related to the corresponding Cabibbo-favored amplitude by tan θ C = 0.2305, where θ C is the Cabibbo angle. (Ref. [10] quotes sin θ C = 0.2246 ± 0.0012.) The partial width is given in terms of the invariant amplitude A as
where p * is the magnitude of the c.m.s. 3-momentum of each final particle. The relevant decay amplitudes are then
The magnitudes and phases of these amplitudes obtained in flavor-SU(3) fits to a large number of Cabibbo-favored D 0 , D + , and D s decays to P V final states are summarized in Table III . Two different sets of values are quoted, corresponding to Refs. [7] and [8] . 
IV PREDICTED ISOSPIN AMPLITUDES
The amplitudes in Table III may now be added up to give the contributions to the different D 0 → ρπ decays. The results are shown in Fig. 5 for the fits in Refs. [7] and [8] . Also shown are the corresponding isospin amplitudes. We give in Tables IV, V , VI, and VII the corresponding numerical values and their estimated errors. One obtains dominance of isospin zero, though not quite as fully as in the BaBar data. The difference appears to be mainly in the I = 1 amplitude, whose suppression is not predicted to be as extreme as is observed. It is in this amplitude that the greatest difference is seen between the fits of Refs. [7] and [8] . Table IV : Predicted amplitudes (in units of 10 −6 ) and phases for D 0 → ρπ in the fit of Ref. [7] . Fit fractions are defined to sum to 100%, and compared to those in Table I 25.9 ± 1.8 26.9 ± 0.7 Table V : Predicted isospin amplitudes (in units of 10 −6 ) and phases for D 0 → ρπ in the fit of Ref. [7] . Fit fractions are defined as in Table IV .
Channel
Amplitude Phase ( • ) Fraction (%) vs. BaBar (%) I = 0 2.097 ± 0.076 153 ± 1 92.9 ± 6.7 94.24 ± 0.40 I = 1 0.477 ± 0.015 −166 ± 2 4.8 ± 0.3 2.17 ± 0.17 I = 2 0.330 ± 0.057 162 ± 5 2.3 ± 0.8 3.58 ± 0.29 Summing graphical amplitudes to obtain predictions for D 0 → ρπ and corresponding isospin amplitudes. Top: Ref. [7] ; bottom: Ref. [8] 
V FEATURES OF I = 0 DOMINANCE
In the flavor-SU(3) approach one can note several regularities which contribute to the suppression of I = 1 and I = 2 amplitudes.
(1) The tree amplitudes were assumed in Refs. [7] and [8] to be real and positive, in accord with the expectation from factorization. To the extent that they are equal, their contributions cancel in the I = 1 amplitude. Equality would imply relations between form factors and coupling constants; one understands |T
The exchange amplitudes cannot contribute to I = 2 and thus their contributions must (and do) cancel exactly.
Some remaining effects seem more accidental: (3) The exchange amplitudes, having the same phases, add destructively in the I = 1 amplitude and constructively in the I = 0 amplitude.
(4) The color-suppressed amplitudes approximately cancel the tree amplitudes in the I = 2 channel. (They do not contribute at all to I = 1 as they only contribute to ρ 0 π 0 .) One might be tempted to blame the enhancement of I = 0 on a direct-channel resonance (which would then force the relative phases of various flavor-SU(3) amplitudes to conspire to enhance the I = 0 channel). However, a three-pion final state has odd G-parity. If it has I = 0 it also must have odd C-parity. But a state with spin-parity-charge-conjugation eigenvalue J P C = 0 −− is exotic, i.e., it cannot be made of a quark-antiquark pair. If such a resonance exists near the D 0 , it must be of an unusual type, such as a hybrid or tetraquark.
VI CONCLUSIONS
The dominance of the isospin-zero channel in D 0 → π + π − π 0 is reproduced in SU(3)-flavor fits to charmed meson decays, with some insight into the suppression of certain contributions to I = 1 and I = 2 channels. The fact that the relative phase of the D 0 → ρ + π − and D 0 → ρ − π + amplitudes is small supports the idea of factorization whereby the dominant tree (T ′ ) amplitudes are in phase with one another. This leads to a cancellation in the I = 1 channel. The approximate cancellation of the D 0 → ρ ± π ∓ amplitude by the D 0 → ρ 0 π 0 amplitude in the I = 2 channel requires a cooperation between color-suppressed (C ′ ) and T ′ amplitudes. A simple overall explanation of the remarkably simple Dalitz plot structure (with strong depletion along each symmetry axis) remains elusive. It would be interesting to exhibit other Dalitz plots with such simple structure to see if there are some common features we might have overlooked. The invocation of a direct-channel resonance is tempting, but demands an as-yet-unobserved exotic state.
